uality-adjusted life years (QALYs) are used as a measure of both health gains and losses due to different disease processes and the interventions used to treat these conditions. They account for both the quantity and the quality of life, and they are the arithmetic product of life expectancy and a measure of the quality of the remaining life years. 4, 12, 13, 17, 34 The measurement of life years is relatively straightforward. However, there are various ways of measuring the quality of life or health state during the years that an individual lives with the disease and its treatments. Health states are valued using a single score, anchored at 0 for death and 1 for perfect health. These health state values can be measured directly or indirectly. Direct methods, such as standard gamble, time tradeoff, and visual analog scale (VAS) assessments, are difficult to administer in the clinic setting. Thus, indirect methods, using preference-based measurement systems, such as the Quality of Well Being Scale, 20 the EQ-5D, 14 SF-6D, 6 and the Health Utilities Index, 15 are increasingly being used.
perfect health. These health state values can be measured directly or indirectly. Direct methods, such as standard gamble, time tradeoff, and visual analog scale (VAS) assessments, are difficult to administer in the clinic setting. Thus, indirect methods, using preference-based measurement systems, such as the Quality of Well Being Scale, 20 the EQ-5D, 14 SF-6D, 6 and the Health Utilities Index, 15 are increasingly being used. 5 One year of perfect health generates 1 QALY, whereas 1 year in a health state valued at 0.5 generates half a QALY. Hence, an intervention that generates 4 additional years in a health state valued at 0.75 will generate 1 more QALY than an intervention that generates 4 additional years in a health state valued at 0.5.
The Neck Disability Index (NDI) 31, 32 and numeric rating scales for neck pain and arm pain 23 are widely used disease-specific measures in patients with degenerative cervical spine disorders. Recent studies have shown that there is a strong relationship between the SF-6D and the NDI, such that a simple linear regression (SF-6D = 0.78219 -[0.01005 × NDI]) allows for the estimation of an SF-6D value from the NDI alone. 8 Because of its ease of administration and scoring, the EQ-5D is increasingly being used as a measure of utility in the clinical setting. The purpose of this study is to determine if the EQ-5D can also be derived from commonly available cervical spine disease-specific health-related quality of life measures, much like the SF-6D. Finding a simple means to convert the cervical spine disease-specific measures to the EQ-5D will allow researchers to use previously collected NDI, neck pain score, and arm pain score data for cost-utility studies. Evaluating the relationship between these disease-specific measures and the EQ-5D may also help researchers and clinicians define the role of administering EQ-5D on a routine basis in the clinic.
Methods
All patients seen at the clinic presenting with neck and/or upper-extremity complaints were asked to complete the NDI, 31, 32 numeric rating scale for neck pain (0-10) and arm pain (0-10), 23 and the EQ-5D 3 level (EQ-5D-3L).
14 These patients were seen at a single tertiary spine center comprising 6 spine fellowship-trained surgeons with similar practice patterns; we included both surgical and nonsurgical patients, representing a typical adult spine practice population. After receiving institutional review board approval, we identified and included in the analysis all patients older than 18 years of age with degenerative cervical spine pathology who were seen between January 2011 and December 2012.
Outcome Measures
EQ-5D. The EQ-5D-3L 14 consists of 2 pages: a descriptive system and a visual analog scale (EQ VAS). The descriptive system has 5 dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) each with 3 levels (no problems, some problems, and extreme problems). The respondent indicates his/her health state by marking the box with the most appropriate statement in each of the 5 dimensions. The EQ VAS records the respondent's self-rated health on a vertical VAS where the end points are "Best imaginable health state" and "Worst imaginable health state."
The scoring algorithm for the US population was used to assign a value, or index score, that incorporates US population-based preference weights. 1 The EQ-5D scores for the US population range from -0.11 (worse than death) to 1.0 (full health), with a score of 0 indicating death.
NDI. The NDI
31,32 is a 10-item self-administered questionnaire measuring disability in patients with neck pain. Each item is scored from 0 to 5 for a maximum score of 50; the higher the score, the greater the disability. In this study, a percentage score was used, so that the range of scores is 0-100. The 10 items include pain intensity, personal care, lifting, reading, headaches, concentration, work, driving, sleeping, and recreation.
Neck Pain and Arm Pain. The numeric rating scale consists of 2 items, 1 each for neck pain and arm pain, on the survey that asks, "On a scale from 0 to 10, mark your level of neck (arm) pain discomfort, with 0 being none and 10 being unbearable." 23 
Statistical Analysis
Spearman and Pearson correlation coefficients for paired observations from multiple time points between EQ-5D and NDI were determined. Although these measures can be analyzed as continuous variables, some argue that these measures are long ordinal variables. Thus, both Spearman and Pearson correlations were calculated. Spearman correlation coefficients between EQ-5D and neck pain and arm pain scores were calculated as the neck pain and arm pain scores are considered discrete ordinal scales. Correlation coefficients between 0.60 and 0.80 indicate a marked degree of correlation, while coefficients between 0.80 and 1.00 indicate robust correlations. 16 Linear regression modeling was performed to predict EQ-5D scores from the NDI, neck pain scores, and arm pain scores. The R-square and root mean square error (RMSE) was used to assess the ability of the model to estimate EQ-5D scores and to compare the performance of the various models. The R-square is reflective of the proportion of variation in the dependent variable (in this case, the EQ-5D score) that can be explained by the factors considered in the model (NDI and neck and arm pain scores). Thus, the better the factors are in predicting the dependent variable, the closer the R-square value is to 1.0. The RMSE provides a measure of the accuracy by which the model can predict the outcome of interest. Depending on model specifications, degrees of freedom, and sample size, a value of 0.05 or smaller is a reasonable error of approximation. Root mean square error values of 0.10 or greater will lead to unacceptable errors in approximation. 9 
Results
A total of 3732 patients were included in the analysis with a mean age of 53.3 ± 12.2 years; 43% of patients were male. Table 1 provides a summary of the outcome measures. All correlations between paired EQ-5D and NDI, neck pain score, and arm pain score were statistically significant (p < 0.0001). The strongest correlation was for EQ-5D and NDI (Pearson = -0.77, Spearman = -0.79), followed by EQ-5D and neck pain score (Spearman = -0.64). The relationship between EQ-5D and arm pain score was the weakest (Spearman = -0.50), but it was still statistically significant (Table 2) . Looking at the different dimen- sions of the EQ-5D and the individual items of the NDI, strong correlations were seen between the EQ-5D self-care dimension and NDI personal care (r = 0.623), EQ-5D usual activities dimension and NDI work (r = 0.626) and NDI recreation (0.584), and the EQ-5D pain/discomfort dimension and NDI pain intensity (r = 0.670) ( Table 2 ). The regression equation using NDI, neck pain score, and arm pain score to predict EQ-5D accounted for 62% of the variability with an RMSE of 0.146 (Table 3) . The regression equation is as follows: EQ-5D = 0.98947 + (-0.00705 × NDI) + (-0.00875 × arm pain score) + (-0.00877 × neck pain score).
The model using NDI alone had an R-square of 0.60 and an RMSE of 0.150. The model using the individual NDI items had an R-square of 0.46 and an RMSE of 0.172. There was no statistically significant difference between the actual EQ-5D (0.603 ± 0.235) and the estimated EQ-5D score (0.603 ± 0.185) using the NDI, neck pain score, and arm pain score regression model. However, rounding off the coefficients to fewer than 5 decimal places produced less accurate results.
Discussion
The use of QALYs allows a unit to be assigned to the value of a health care intervention. The use of a single number reflects both the health state value losses and gains from the disease as well as the interventions used to treat the disease. This allows health care economists to determine the expected utility of an intervention and compare it to other interventions for the same or different conditions. In the clinical setting, health state utility values are usually measured indirectly, with the use of preference based self-administered questionnaires such as the EQ-5D or the SF-6D.
Several studies have shown that, although the EQ-5D and SF-6D are both psychometrically reliable and valid measures of health state utility, they cannot be used interchangeably. 3, 7, 10, 26, 35, 36 This has been found to be true even in patients with low-back pain 7, 24, 25, 27 or in patients with neck pain. 35 Theoretical causes for these differences in- clude dissimilarities in the descriptive components leading to the measurement of distinct constructs, variation in the period of recall, and the use of different valuation methods (time tradeoff for the EQ-5D and chained standard gamble for the SF-6D). These differences in the health state utility values derived from the EQ-5D and SF-6D are substantial enough that several cost-effectiveness studies present their results using both the EQ-5D and the SF-6D as part of the sensitivity analysis. 29, 30 If the relationship between the EQ-5D and NDI were as robust as the relationship between the SF-6D and NDI, researchers would be able to perform this sensitivity analysis using NDI data alone. Thus, data sets that only collected cervical spine disease-specific outcome measures may have limited use in cost-utility analysis if the EQ-5D was not concurrently collected.
Data from the current study suggest that the relationship between the EQ-5D and the NDI is not strong enough to allow for a valid estimation of EQ-5D scores from the NDI using a regression equation. This is true even when neck pain and arm pain scores are included in the equation or when individual items of the NDI are used in the equation instead of the NDI score alone. None of the equations performed well in predicting EQ-5D utility scores as reflected in the relatively large RMSE, a measure of the difference between the values predicted by the equation and the actual values (Fig. 1) .
There may be several reasons why the NDI cannot provide a valid estimate of the EQ-5D. The instruments may have different descriptive components and therefore measure very different constructs. This is evidenced by lack of strong correlations between the majority of the NDI items and the EQ-5D dimensions. Only those components that measure similar constructs had strong correlations: EQ-5D self-care and NDI personal care, EQ-5D usual activities and NDI work and NDI recreation, and the EQ-5D pain/discomfort and NDI pain intensity. No strong correlations were seen between the EQ-5D dimensions of mobility or anxiety/depression and any of the NDI items.
Several studies have also shown a difference in the distribution of scores between the EQ-5D and SF-6D. Whereas the SF-6D scores and NDI are dispersed and normally distributed, the EQ-5D tends to cluster or skew 35, 36 or have a bimodal distribution. 7, 27 Looking at the scatterplot between the NDI and the EQ-5D scores, a floor effect is evident as well as gaps in the EQ-5D values (Fig. 2) . The relationship between the EQ-5D and the NDI may not be defined by a simple linear regression. However, using nonlinear regressions did not produce robust estimates either.
The current EQ-5D in wide use (the EQ-5D-3L, which has 3 choices for each dimension) may not be sensitive enough to measure small changes in health, especially in patients with milder conditions. Several studies on the EQ-5D in the general population 2, 11, 19, 21, 22, 28, 33 as well as in patients with low-back pain 7, 24, 25, 27 showed a ceiling effect. In a study of the EQ-5D in 346 patients with neck pain, Whitehurst and Bryan showed a floor effect, which is similar to the current study. 35 Thus, the current EQ-5D-3L may have limited use as an aid in medical decision making and measurement of treatment effects in clinical practice.
In response, the EuroQol group is currently developing the EQ-5D 5 level (EQ-5D-5L), expanding the number of levels of severity in each dimension to 5 instead of 3. 18 Unfortunately, value sets based on preferences directly elicited from representative general population samples are not yet available. Future studies using the EQ-5D-5L may show a more robust relationship with the NDI allowing for estimation of the EQ-5D from the NDI.
Conclusions
The regression model estimating the EQ-5D from the NDI, neck pain score, and arm pain score accounted for 60% of the variability of the EQ-5D with a relatively large RMSE. This regression model may not be sufficient to accurately or reliably estimate actual EQ-5D values. Fortunately, the EQ-5D is easy to administer and score and may not substantially increase respondent burden. However, 
